This review describes the synthesis and reactions of 2-aminothiophene-3-carboxamides as building blocks for the syntheses of polyfunctionalized heterocyclic compounds.
Introduction
Substituted 2-aminothiophene-3-carboxamides are versatile building blocks for the synthesis of agrochemicals, dyes, and pharmacologically active compounds.
1−3 Several methods were reported in the literature for the preparation of these materials. 4−31 The most convergent and well-established classical approach for the preparation of 2-aminothiophenes is Gewald's method. 32 Our review deals with the effective use of 2-aminothiophene-3-carboxamides in the synthesis of different polyfunctional heterocyclic compounds. A review including the interesting biological and medicinal activities of substituted 2-aminothiophenes was published recently by Puterová et al.
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Synthesis
Gewald devised the most facile and promising set of synthetic routes leading to 2-aminothiophene with a carboxamide group in position 3 and alkyl, aryl, cycloalkyl, and hetaryl groups in positions 4 and 5. Three major variations of this reaction have been described in detail. α−Mercaptoaldehyde or α -mercaptoketone is often generated in situ by the reaction of alkali sulfides with the corresponding α -halocarbonyl compounds. This version has a few drawbacks; the starting compounds are unstable and difficult to prepare. The mechanism of this reaction is as follows in Scheme 1. The second version of the Gewald reaction 32,38−43 consists of a one-pot procedure that is very extensively used for this synthesis. The convenient technique includes the condensation of ketones with cyanoacetamide or N-substituted derivatives 2 and a sulfur element in a solvent such as ethanol, DMF, or dioxane in the presence of amine as dimethylamine, morpholine, or TEA at room temperature. Microwave irradiation (MW) has become an important method in organic synthesis and could be applied to a wide range of reactions within short times and with high yields. The microwave irradiation of 1,4-dithiane-2,5-diol(thioacetaldehyde dimmer) (7) with cyanoacetamide or 2-cyano-N-(2-nitrophenyl)acetamide (8) in boiling ethanol or methanol containing a catalytic amount of TEA furnished corresponding 2-aminothiophene-3-carboxamide derivative 9. 49 
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Furthermore, a new synthesis of substituted-2-aminothiophene-3-carboxamide 11 was achieved via a 1-pot MW-assisted Gewald reaction using aluminum oxide as a solid support in the presence of morpholine as a basic catalyst and under solvent-free conditions for several minutes. 
Reactions
The reactions of 2-aminothiophene-3-carboxamide with numerous reagents are classified separately in a single category due to the huge number of references. We have arranged this large volume of data in terms of the type of heterocyclic, starting with 5-and 6-membered rings in order to increase the number of hetero atoms. Such systematic treatment provided a clear idea about the synthetic possibilities of the methods and may be useful in selecting the direction of further research. 
Formation of 5-membered rings with 2 hetero atoms
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. 68 Similarly, some cyclocondensation products (24) were obtained from the reaction of different aromatic aldehydes with 19 in n-butanol in the presence of hydrochloric acid (Scheme 3).
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On the other hand, the reaction of cinnamaldehyde with 19 in ethanol in the presence of dry hydrogen chloride gas afforded corresponding 2-stryl-thienopyrimidine 25. The refluxing of 19 with a variety of diesters for 1.5-2 h gave 34a-34d, which cyclized and esterified with the use of sodium hydroxide to form thienopyrimidines 35a-35d. 75, 76 Similarly, the heating of 19 and succinic anhydride gave 4-(3-carbamoyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-ylamino)-4-oxobutanoic acid (36) , which cyclized in a basic medium to give corresponding thienopyrimidine derivative 37 (Scheme 5).
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The treatment of 38 with different orthoesters in ethanol containing a catalytic amount of tungstophosphoric acid gave corresponding thienopyrimidinone derivatives 39a-39c. In addition, compound 42, upon treatment with ethyl chloroformate in pyridine, gave 43, which cyclized with potassium hydroxide to yield thienopyrimidinone derivative 44. Treatment of 44 with a mixture of phosphorus oxychloride (POCl 3 ) and phosphorus pentachloride (PCl 5 ) gave 45. Nucleophilic displacement of the chlorine atom in compound 45 with hydrazine hydrate gave 2-hydrazino-thienopyrimidin-4-one (46) . Diazotization of 46 with sodium nitrite solution and 50% concentrated hydrochloric acid at 0-5
• C afforded 2-azido-thienopyrimidin-4-one derivative 47 (Scheme 7).
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Various approaches have been used to synthesize the condensed triazolopyrimidines, involving cyclization of 2-hydrazino derivatives 46 with a variety of single-carbon donors. The reaction of 46 with aromatic acids in dioxane/POCl 3 , CS 2 /pyridine, CNBr/EtOH, benzoyl isothiocyanate in acetone, or benzoyl chloride followed by polyphosphoric acid gave the corresponding triazolopyrimidine derivatives 47-51 and 53, respectively (Scheme 8). It was reported that treatment of 56 with bis-methylthiomethylene compounds in DMF gave thieno [2,3- d]pyrimidin-2-ylidenes 57a and 57b and 58a and 58b (Scheme 10). 
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Formation of thieno[2,3-d]-1,3-diaza-2-borin pyrimidin-4-one derivatives
It was reported that 2-aminothiophene-3-carboxamides 66 were cyclized with phenylboronic esters to give 67. 2-Ureidothiophene-3-carboxamide derivative 73 was synthesized by the addition reaction of 71 with an isocyanate derivative in tetrahydrofuran (THF) followed by treatment of the formed trichloroacetamide (72) with ammonia in methanol (Scheme 12). Chemistry of 2-aminothiophene-3-carboxamide and related compounds, M. A. GOUDA, et al. 83 with p-tolyldiazonium chloride in pyridine afforded 84. 97 The refluxing of 83 with p-anisaldehyde in DMF catalyzed by TEA gave 85 (Scheme 15).
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Acidification of potassium salt 82 with dilute hydrochloric acid yielded corresponding thioamide derivative
86.
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Compound 86 underwent cyclization when treated with equimolecular amounts of α -halo compounds, namely chloroacetone, phenacyl chloride, or ethyl chloroacetate in DMF, to afford thiazolidin-4-one 87 and thiazolylidine derivatives 88a and 88b, respectively. Compounds 87, 88a, and 88b were also obtained in a high yield by the reaction of 86 with α -halo compounds in a mixture of ethanol and DMF. 98 Refluxing of 83 with chloroacetone or phenacyl chloride in DMF catalyzed by TEA yielded thiophenes 89a and 89b, respectively (Scheme 16). The diazo-coupling of 81 with the appropriate diazonium chlorides in pyridine afforded arylhydrazono derivative 92. Hydrazono derivative 92 was also obtained by diazo-coupling of thiocarbonyl derivative 86 with the same diazonium chloride in pyridine. 97 The refluxing of 92 in AcOH gave corresponding cyclized triazine derivative 93 (Scheme 18). The treatment of 81 with phenyl isothiocyanate in DMF containing potassium hydroxide at room temperature followed by treatment with dimethylsulfoxide (DMSO) afforded corresponding ketene N,S-acetal derivative 94. 97 5-Amino pyrazole derivative 95 was achieved by the reaction of 94 with hydrazine hydrate in ethanol. 97 Diazotization of 95 with sodium nitrite and concentrated HCl gave corresponding diazonium chloride 96, which, upon coupling with malononitrile or acetylacetone in pyridine, gave corresponding hydrazonopyrazolo derivatives 97a and 97b, respectively. The refluxing of 97a and 97b in AcOH gave target pyrazolotriazine derivatives 98a and 99b, respectively (Scheme 19). 
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The reaction of 95 with a Mannich base such as 1-phenyl-3-(pipridin-1-yl)propan-1-one hydrochloride in Condensation of 81 with different aromatic aldehydes in ethanol catalyzed by piperidine furnished arylidene derivatives 108a and 108b. 98 Similarly, condensation of 81 with different cyclic ketones such as cyclopentanone and cyclohexanone in ethanol containing sodium acetate furnished desired compounds 109a and 109b. 98 The reaction of 109a or 109b with elemental sulfur in ethanol catalyzed by morpholine yielded 110a
and 110b, respectively. Compounds 110a and 110b were prepared by another method via a 1-pot Gewald's reaction of 81 with the same previous ketones and elemental sulfur in ethanol catalyzed by morpholine (Scheme 23). 
